Apoptotic cells are a source of autoantigens and impairment of their removal contributes to the development of autoimmunity in C1q deficiency. However, the lack of complement component 3 (C3), the predominant complement opsonin, does not predispose to autoimmunity, suggesting a modifying role of C3 in disease pathogenesis. To explore this hypothesis, here we investigated the role of C3 in the T-cell response to apoptotic cell-associated antigens. By comparing the phagosome maturation and the subsequent MHC class II presentation of a peptide derived from the internalized cargo between C3-deficient or C3-sufficient dendritic cells, we found that C3 deficiency accelerated the fusion of the apoptotic cargo with lysosomes. As a result, C3 deficiency led to impaired antigenspecific T-cell proliferation in vitro and in vivo. Notably, preopsonization of the apoptotic cells with C3 activation fragments rectified the trafficking and T-cell stimulation defects. These data indicate that activated C3 may act as a "chaperone" in the intracellular processing of an apoptotic cargo and, thus, may modulate the T-cell response to self-antigens displayed on dying cells.
I
t is now well recognized that the complement system, an integral component of innate immunity, also has a prominent influence on adaptive immunity. In addition to lowering the threshold for B-cell stimulation (1, 2) , more recent studies have highlighted the contribution of complement to T-cell immunity, suggesting an involvement of complement component 3 (C3) or its activation fragments in T-cell regulation and activation (3, 4) . However, the mechanisms by which C3 contributes to antigen-specific T-cell reactivity remain poorly understood. Whether it modulates the response to apoptotic cell-associated antigens is also unclear.
Phagocytosis is an efficient route for delivering antigens into major histocompatibility complex (MHC)-rich compartments (5) . Professional antigen-presenting cells (APC), like dendritic cells (DCs), have the extraordinary ability to internalize large particles and induce tolerance or immunity. The activation of naïve T cells and the subsequent immunological outcomes may depend on the endocytic compartment to which the internalized cargo is delivered, and this process may vary in different DC subsets (6) . For example, the CD8α + DC subset is remarkably efficient at capturing material from dying cells (7) and at processing and presenting cell-associated antigens on both MHC class I and II (8) . Autoantigens are displayed on the surface of apoptotic cells (9) and an impaired clearance of these cells, as a result of deficiency in opsonic proteins or their receptors, predisposes to a lupus-like disease in humans and mice (10) . Recently it has been suggested that apoptotic cell-binding opsonins not only control the rate of their ingestion, but also regulate the intracellular processing preventing excessive T-cell activation (11) ; this elegant study with milk fat globule EGF factor 8 (MFG-E8)-deficient mice focused on MHC class I cross-presentation and the response of CD8 + T cells to self-antigens. However, lupus is generally associated with abnormal CD4 + T activation (12) (13) (14) . To what extent apoptotic cell-binding opsonins regulate the MHC class II presentation of apoptotic cell-associated self-antigens and whether other opsonins operate in a similar manner to MFG-E8 remains unknown.
Complement C3 is the point of convergence for the three complement activation pathways. The liver is the primary source of circulating C3 that is critical for the clearance of particulate antigens such as microorganisms, whereas local synthesis of C3 by myeloid-derived cells and parenchymal cells appears to regulate adaptive immune responses (15) . Consistent with this notion, the ability to mount an antibody response to an exogenous antigen was restored in C3-deficient mice (C3 −/− ) reconstituted with wild-type (WT) bone marrow (BM) cells despite the lack of detectable C3 in circulation (16) . Moreover, defects in T-cell polarization and T-cell responses have been reported in C3 −/− animals in several models including viral infection and transplantation (17) (18) (19) (20) . The lack of signaling through the C3a receptor (C3aR) has been proposed to explain this impaired T-cell reactivity (21) . Furthermore, in B cells C3b fragment covalently bound to tetanus toxin has been shown to protect the antigen from excessive degradation in the endosomal compartment promoting and prolonging the antigen presentation by MHC class II (22, 23) . These studies indicate that opsonization with C3 split fragments not only facilitates antigen uptake but might also have a direct intracellular effect on the subcellular localization of peptide/ MHC complex formation, a pathway that has never been explored for particulate exogenous antigens like dying cells.
Significance
Activation of the complement system, a network of circulating and surface-bound molecules, is known to enhance humoral immunity. However, paradoxically, the lack of some complement components (mainly C1q and C4), but not C3, is associated with the development of autoimmunity. Prior studies have suggested that this association could be explained by the role of complement in the disposal of dying cells that are a potential source of autoantigens. This study demonstrates that C3 bound to dying cells can direct the intracellular route of the cargo and modulate the subsequent T-cell response to antigens displayed on dying cells. These results uncover a new role of C3 and have important implications for our understanding of the role of complement in health and disease.
Several reports have shown that C3 deposition on apoptotic cells following the activation of the classical or other complement pathways is required for their efficient ingestion by macrophages (24, 25) . However, in contrast to deficiencies in the classical complement components, such as C1q and C4, which are strongly associated with the development of lupus-like disease, in humans, C3 deficiency is mainly associated with recurrent pyogenic infections and does not predispose to the development of autoantibodies (26) . This observation raises the possibility that C3 deficiency may compensate for the defective clearance and prevent the presentation of self-antigens displayed on dying cells.
In this study, we explored the role of C3 in immunity to dying cells and found that the presence of C3 activation fragments induces a delayed fusion of the apoptotic cargo with lysosomes resulting in an increased antigen presentation by MHC class II molecules. Consistent with this observation, T-cell proliferation in response to apoptotic cell-associated antigens is impaired in the absence of C3 but can be boosted by preopsonizing the apoptotic cells. Finally, we demonstrate that only C3 binding is required, whereas other complement apoptotic cell-binding opsonins, like C1q, are dispensable. This finding is consistent with the hypothesis that opsonization with C3 activation fragments controls the T-cell response to apoptotic cell-associated antigens by influencing the intracellular processing of the apoptotic cargo.
Results

Reduced Presentation and Impaired T-Cell Response to an Apoptotic
Cell-Associated Antigen by C3-Deficient DCs. Local production of C3 by DCs is required for mounting an alloreactive effector T-cell response to MHC disparate tissues (20) . To evaluate the role of C3 in the development of T-cell responses to apoptotic cell-associated antigens, a potential source of autoantigens, we cocultured C3-deficient or C3-sufficient immature BM-DCs from B6 mice (H2-E deficient ) with allogeneic H2-E + apoptotic LPS-treated B cells (LPS B-cell blasts) from C3-deficient BALB/c mice and assessed the presence of the Eα52-68 peptide, derived from H2-E molecule, on H2-A b -E deficient B6 DC by using the Y-Ae monoclonal antibody and by T-cell proliferation using 1H3.1 transgenic T cells (27, 28) . Comparison of day 6 immature C3-deficient and C3-sufficient BM-DCs showed no differences in surface expression of H2 b , CD86, and CD40 before and after apoptotic exposure (Fig. S1 A and B) , indicating that the lack of C3 did not affect the activation status of the DCs. We then loaded the BM-DCs with H2-E + C3 −/− apoptotic LPS B-cell blasts nonopsonized (no serum or using C3-deficient serum) or C3 preopsonized using C5-deficient serum (to avoid the membrane attack complex formation) and allowed them to interact for 48 h. The mean fluorescence intensity (MFI) of the Y-Ae antibody was found to be lower in C3 −/− B6 BM-DCs pulsed with nonopsonized apoptotic cells compared with the counterpart WT BM-DCs (Fig. 1A) , suggesting impaired presentation. Notably, C3 opsonization of the apoptotic LPS B-cell blasts with C5-deficient serum before loading rectified the defect. Consistent with the Y-Ae staining, 1H3.1 CD4 + T cells stimulated with C3 −/− B6 BM-DCs pulsed with nonopsonized apoptotic LPS B-cell blasts proliferated significantly less than those stimulated with the counterpart WT BM-DCs, whereas the proliferation was similar when the apoptotic cells used were preopsonized with C3 (C5-deficient serum) (Fig. 1B) . In contrast to their processing of apoptotic cells, C3 −/− and WT BM-DCs pulsed with the Eα52-68 peptide did not differ in their ability to present the peptide (Fig. 1C) or to induce antigen-specific T-cell expansion (Fig. 1D) , arguing that the reduced responses by C3 −/− BM-DCs were not due to differences in BM-DC maturation or costimulatory molecule expression.
Although the contribution of complement to the engulfment of apoptotic cells by macrophages is well established (10) , its role in the uptake by DCs remains controversial, with conflicting results reported in the literature (29) (30) (31) . To explore whether the observed differences could be attributed to a reduced ability of the C3 −/− BM-DCs to take up the cells, we labeled the apoptotic LPS B-cell blasts with pHrodo, a dye that becomes fluorescent only in the acidic pH inside endocytic vesicles, and incubated them with day 6 immature C3 −/− and WT BM-DCs. As shown in Fig. S1C , the percentage of BM-DCs that had engulfed pHrodolabeled apoptotic cells was similar regardless of the opsonization, which is consistent with previous reports (30) . Analysis of coded cytospins confirmed that the number of apoptotic cells engulfed by each BM-DC was equivalent, indicating that C3 −/− BM-DCs were as efficient as the WT BM-DCs in the uptake of the apoptotic cells. Taken together, these results ruled out a defect in phagocytosis as the cause of the poorer priming/induction of T-cell responses to antigens derived from apoptotic cells by C3 −/− BM-DCs and suggested that lack of C3 may alter the processing/ trafficking of apoptotic cells inside the DCs.
C3 Deficiency Leads to an Accelerated Maturation of the Phagosome
Containing an Apoptotic Cargo. Given the absence of a defect in the phagocytosis of apoptotic LPS B-cell blasts by C3 −/− BMDCs, we next explored whether C3 specifically functions by delivering the apoptotic cargo to a subcellular compartment that favors antigen presentation by MHC class II molecules, as suggested for soluble antigens in B cells (22, 23) . BM-DCs from B6 and C3
−/− mice were loaded with PKH26-labeled apoptotic LPS B-cell blasts, and their fate within the cells was visualized at 3, 6, and 24 h by confocal microscopy by using the lysosomal marker LAMP-1. We found that at 3 and 6 h after internalization, WT DCs contained apoptotic cells that were still intact, whereas C3-deficient DCs already had digested debris fused with lysosomes ( Fig. 2 A and B) . Quantification of colocalization efficiency revealed that the colocalization with the lysosome marker was significantly enhanced in C3 −/− DCs at 3 and 6 h (Fig. 2D) . However, by 24 h, the apoptotic cargo was fused with lysosome and the colocalization efficiency in C3-deficient and C3-sufficient DCs was similar ( DCs delayed LAMP-1 colocalization. The accumulation of the apoptotic cargo in LAMP-1-positive endosomes was similar to that found in WT DCs (Fig. 2D ). Taken together, these findings suggest that C3 fragments bound to apoptotic cells may actively regulate the intracellular route of the cargo and delay phagosome maturation, thereby enhancing antigen presentation (32) .
In Vivo Antigen-Specific T-Cell Response to an Apoptotic Cell-Associated Antigen Is Impaired in C3-Deficient Mice Regardless of TLR4 Engagement.
From the above in vitro observations, it appears that C3 is necessary for optimal presentation of apoptotic cell-associated antigens by DCs. To assess the relevance of our findings in vivo, we compared the ability of C3 −/− and WT B6 mice to process injected apoptotic BALB/c LPS B-cell blasts and present the Eα52-68 peptide to adoptively transferred 1H3.1 T cells. We initially injected eFluor450-labeled apoptotic C3 −/− BALB/c LPS B-cell blasts into C3-deficient and C3-sufficient B6 mice and analyzed by flow cytometry the splenic uptake 24 h later. As reported (7), the engulfment of eFluor450-positive apoptotic cells occurred mainly in the CD8α + splenic DC subset. Consistent with the in vitro data, a similar uptake was detected between the two groups (Fig. S2A) . Notably, we found no phenotypic differences between the C3 −/− and WT eFluor450 + CD8α + splenic DCs, suggesting similar maturation following the ingestion of apoptotic LPS B-cell blasts (Fig. S2B) . In subsequent experiments, we injected CFSE-labeled naive CD4 + 1H3.1 T cells into C3 −/− and WT mice that had been injected a day earlier with unlabeled H2-E + apoptotic C3 −/− LPS B-cell blasts and then analyzed the expansion and phenotype of the antigenspecific T cells recovered from the spleens at different time points. As illustrated in Fig. 3A , the 1H3.1 T cells proliferated significantly less in vivo on both day 2 and day 3 when primed by C3-deficient DCs, consistent with the notion that C3-deficient DCs are impaired in their ability to drive the expansion of antigenspecific T cells in response to an apoptotic cell-associated antigen. However, the ex vivo analysis of the CFSE + 1H3.1 T cells recovered from the spleens showed similar frequency of antigenspecific Foxp3
+ as well as IFNγ + and IL-17 + T cells between the two experimental groups (Fig. 3B) , indicating that under our experimental conditions, the absence of C3 did not alter 1H3.1 Tcell polarization.
Toll-like receptor (TLR) ligation during recognition of apoptotic cell-associated antigens has been shown to be required for MHC class II presentation and Th17 differentiation (33, 34) . Because in our experiments we have used LPS-treated apoptotic B-cell blasts, we considered whether the presence of the TLR ligand within the cargo was required for C3 to regulate the phagosome maturation. To investigate this point, we measured 1H3.1 T proliferation after injection of UV-induced H2-E + apoptotic C3 −/− splenocytes. Compared with the T-cell response induced by the H2-E + C3 −/− LPS B-cell blasts, the kinetics of 1H3.1 T-cell expansion were different and T-cell divisions were detectable only 3 d after the adoptive transfer. More importantly, we found that even in the absence of TLR4 engagement, C3 deficiency significantly decreased the apoptotic-derived H2-Etriggered T-cell expansion (Fig. 3C) . However, again, the lack of C3 did not alter the polarization profile of the 1H3.1 T cells (Fig. 3D) . Surprisingly, the analysis of CFSE + 1H3.1 T cells recovered from the spleens showed that the ingestion of UVinduced apoptotic cells by DCs promoted similar, if not even slightly greater, expansion of IL-17 + T cells than the uptake of LPS-treated apoptotic B-cell blasts. Taken together, these results suggest that C3 modulates the efficiency of presentation of apoptotic cell-associated antigens by MHC class II independently from the presence of TLR ligands within the phagocytosed cargo.
C3 Fragments Bound to Apoptotic Cells Modulate the Antigen-Specific T Response. There is a large body of evidence that C1q and other complement components can act as opsonins and can promote the rate of ingestion of dying cells via direct binding. However, whether they can also play a role in the subsequent intracellular trafficking of the apoptotic cargo and the processing of the apoptotic cell-associated antigens is unknown. Therefore, we extended our in vivo experimental approach to other complementdeficient mice and assessed their ability to induce the expansion of adoptively transferred 1H3.1 T cells. By studying recipient mice lacking C1q (classical pathway) or C4 (classical and lectin pathways), or factor B (alternative pathway) or C5 (terminal pathway), we were able to assess the contribution of the different complement components and activation pathways. As shown in Fig. 4 , 1H3.1 T cells injected into none of the above complement-deficient mice displayed a significantly impaired expansion, demonstrating that irrespective of the activation pathway, opsonization of the apoptotic cargo with C3 fragments is critical to promote the MHC class II pathway of antigen presentation. In keeping with this observation, we found that in factor B-deficient animals (Cfb −/− ), which lack the amplification loop of the alternative pathway and have impaired C3 opsonization of apoptotic cells despite higher levels of circulating C3 (25, 35) , the 1H3.1 T cells showed a consistent trend to expand less than in the WT B6 controls (Fig. 4D) . Furthermore, we observed that 1H3.1 CD4 + T cells stimulated in vitro with Cfb −/− BM-DCs pulsed with nonopsonized apoptotic LPS B-cell blasts proliferated markedly less than those stimulated with WT BM-DCs (Fig. S3A) . Again, preopsonization of the apoptotic LPS B-cell blasts with C5-deficient serum before loading rectified the defect (Fig. S3A ). These findings demonstrate that the alternative pathway is essential for the local C3 activation and subsequent apoptotic cell opsonization by BM-DCs. Consistent with this notion, we found that under our experimental conditions, BMDCs cultured with apoptotic cells express mRNA transcripts for alternative pathway components (Fig. S3B) .
To characterize the nature of the C3 activation fragment(s) involved in the intracellular processing of the apoptotic cargo, we took advantage of the notion that in the absence of factor I, C3 can only be cleaved into C3b (36) . We first confirmed that apoptotic LPS B-cell blasts when incubated in vitro with factor I-deficient serum were coated only with C3b (37), whereas when exposed to wild-type serum, the C3 bound to apoptotic cells is predominantly in the form of iC3b/C3dg (Fig. S3 C and D) . Subsequently, we assessed the ability of factor I-deficient mice (Cfi −/− ) to present apoptotic cell-associated antigens in vivo and found a significantly impaired expansion of the adoptively transferred 1H3.1 T cells compared with WT B6 mice (Fig. 4E) , indicating that the presence of C3b on apoptotic cells cannot rectify the defect in the antigen-specific T-cell expansion. Collectively, these findings demonstrate that the binding of C3 activation fragments, most likely iC3b or its metabolite C3dg, to apoptotic cells allows a more efficient peptide loading on MHC class II molecules and promotes the T-cell proliferation in response to antigens displayed on the engulfed cargo.
Complement receptor 3 (CD11b/CD18) is known to bind iC3b and to mediate the phagocytosis of complement opsonized targets, including apoptotic cells, on macrophages (24) . We next explored whether this receptor could also influence the trafficking of the apoptotic cargo. We found that the uptake or presentation of apoptotic cell-associated antigens by BM-DCs was not affected by the absence of complement receptor 3 (CD11b/CD18) (Fig. S4) . Furthermore, the T-cell expansion in vivo was not affected by the absence of CD11b (Fig. 4F) . Taken together, these data suggest that other receptor(s) or nonreceptor mediated mechanism(s) may operate in BM-DCs. Fig. 4 . T response to an apoptotic cell-associated antigen is impaired only in C3-deficient mice. Mice deficient in C1q (A), C4 (B), C5 (C), factor B (D), factor I (E), and CD11b (F) were injected with 20 × 10 6 UV-induced apoptotic splenocytes followed by the adoptive transfer of 2 × 10 6 CFSE-labeled 1H3.1 T cells. Proliferation of the CFSE-labeled 1H3.1 T cells was assessed 3 d later by flow cytometry and expressed as PI. Data are shown as mean ± SEM, n = 3, t test. These experiments were carried three times with similar results.
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Discussion
Dying cells can induce tolerance or immunity in different experimental models, and the mechanisms by which they are recognized and processed may dictate the immunological outcome. Until recently, innate opsonic proteins and/or their receptors have been thought to contribute mainly to the engulfment of the apoptotic cells and a defective clearance has been shown to predispose to the development of autoimmunity. However, there is an emerging literature suggesting that some of the innate immune recognition mechanisms may also regulate the intracellular route of the apoptotic cargo (11, 38) , resulting in different T-cell responses against apoptotic cell-associated antigens. Herein we demonstrate that opsonization with C3 activation fragments can also influence the intracellular trafficking of the internalized apoptotic cell material by delaying its lysosomal fusion (phagosome maturation), a process that favors the presentation of immunogenic peptides on MHC class II molecules (32) . We further show that the altered processing resulted in an impaired antigen-specific T-cell proliferation in vitro and in vivo and that C3 activation fragments covalently bound to the apoptotic cargo specifically mediated these effects. Together these findings suggest an alternative mechanism by which C3 activation may contribute to the control of immune responses to self-antigens expressed by a phagocytosed cargo and prevent the development of autoimmunity.
It has been shown that C3 synthesis by DCs is required for the development of an effective T-cell response (17) (18) (19) (20) . Consistent with previous observations we found that, in the absence of any source of C3, C3-deficient DCs elicited an impaired CD4 + T-cell proliferation to an apoptotic cell-associated antigen. To explore the mechanisms by which C3 affected DC function, we used apoptotic cells expressing the Eα protein and monitored the presentation of the Eα52-68 peptide by DCs in the context of the H2-A b -E deficient complex by using the Y-Ae monoclonal antibody and 1H3.1 TCR transgenic T cells (27, 28) . We first excluded the possibility that the reduced presentation/T-cell activation could be the result of an impaired uptake or differences in DC maturation. Indeed, the role of C3 in the clearance of apoptotic cells by DCs remain unclear, with conflicting reports (29) (30) (31) . The discrepancies in the literature are likely to be due to differences in the experimental conditions applied. The studies showing that C3 facilitates uptake compared cocultures of DCs and apoptotic cells in the presence or absence of serum (29, 31) and did not take into account the contribution of other apoptotic cell-binding proteins present in the serum. In contrast, similarly to Behrens et al. (30), we preopsonized and washed the apoptotic cells before coculturing them with DCs and, more importantly, we used C3-deficient and C5-deficient sera to limit the analysis to C3 without removing the potential contribution of other serum opsonins. In addition, the lack of a detectable phagocytic defect in the absence of CR3 (CD11b-deficient mice), the main phagocytic receptor for iC3b-coated targets, provided further indirect support to the conclusion that C3 opsonization does not affect the engulfment of dying cells by DCs and that, in contrast to macrophages, other mechanisms/receptors operate in these cells. These findings, taken together with the data obtained with Eα52-68 peptide, ruled out a defect in phagocytosis and/or DC maturation as the cause of the reduced T-cell responses elicited by C3 −/− DCs and pointed to an abnormal intracellular processing of the antigen derived from the apoptotic cargo.
The mechanisms that regulate the trafficking of an internalized apoptotic cargo are still poorly understood and only recently have the effects of different subcellular locations on the presentation of antigens derived from dying cells been fully appreciated (11, 38) . Opsonins and/or receptors such as MFG-E8 (11) or CLEC9A (38) have been shown to direct the trafficking of the dying cargo, changing the subsequent cross-presentation. Because the covalent binding of C3b to a soluble antigen such as tetanus toxin can enhance the antigen presentation by B cells by protecting the antigen from endosomal cathepsin D-mediated proteolysis (22, 23) , we next considered whether opsonization of the apoptotic material with C3-split products could divert or prolong the sequestration of the cargo in a compartment that facilitates peptide loading on MHC class II molecules. We found that, despite ingestion of apoptotic cells being similar between C3 −/− and WT BM-DCs, in the absence of C3, the fusion of the apoptotic cell-containing phagosomes with lysosomes was accelerated, and cell debris were already detectable within 3 h after ingestion. More importantly, the delay in the phagosome maturation was rectified by feeding the C3
−/− DCs with complement preopsonized material, demonstrating these cells had no intrinsic defects in processing engulfed targets. These results, taken together with the reduced intensity of the Eα52-68/H2-A b -E deficient complex assessed with the Y-Ae antibody and the impaired 1H3.1 T response observed in the absence of C3 in vitro and in vivo, strongly suggest that C3 fragment opsonization regulates the T-cell response to apoptotic cell-associated antigens by orchestrating the intracellular processing of the apoptotic cargo. Hence, our findings agree with the accepted notion that a faster lysosomal degradation reduces antigen presentation on MHC class II (32) . They are also consistent with previous observations that C3-deficient DCs are less potent in stimulating alloreactive CD4 T cells, but not CD8 T cells, indicating that the effect of C3 is predominantly on the MHC class II-dependent pathway of antigen presentation (39) . The same phagocytic machine that controls the uptake of a microorganism also mediates the phagocytosis of an apoptotic cargo, but the cellular responses triggered are very different. Previous reports have shown that one of the determining factors is the presence of Toll-like receptor ligands within the cargos (33) because they can drive a distinct program of phagosome maturation, resulting in an efficient antigen processing and MHC class II presentation (40) . We tested this notion in vivo by using our adoptive transfer model by analyzing 1H3.1 T proliferation after administration of UV-induced apoptotic splenocytes or LPS B-cell blasts. Although we found that the LPScarrying cargos triggered a faster 1H3.1 T-cell expansion than the "sterile" cargos, the engagement of TLR signaling was not necessary for the MHC class II presentation of the Eα peptide. In addition, ex vivo analysis of different antigen-specific T-cell subsets failed to detect any substantial difference in the T-cell response induced by the two types of apoptotic cells and showed a predominant Th1 response, consistent with previous reports (34) . More importantly, we found that the C3-mediated effect on apoptotic cell-associated antigen presentation by MHC class II was unaffected by the lack of TLR involvement. Therefore, although our data do not seem to support the model that TLRmediated recognition tightly controls selection of phagocytosed antigens for presentation, it is plausible that the requirements for antigen presentation might vary in vivo under different experimental conditions.
Deficiencies of one of the early components (C1q, C2, and C4) of the classical pathway are known to predispose to systemic lupus erythematosus. Over the years, several hypotheses, not mutually exclusive, have been proposed (41) to explain why only these proteins have a protective function, whereas the lack of C3 does not trigger an autoimmune response. To explain this paradox, most studies until now have focused on the role of the complement in the clearance of apoptotic cells by macrophages, with less attention being paid to its role in the subsequent processing and fate of the antigen displayed by the dying cells. In this context, our data highlight a unique mechanism. We found that only the lack of C3, and none of the other complement molecules, could reduce the in vivo T-cell response to an apoptotic cell-associated antigen. Notably, factor B-deficient mice that have increased the level of circulating C3 but less complement activation on the apoptotic cells (25, 35) displayed a similar trend, demonstrating that the opsonization with C3 activation fragments was responsible for the effect. Consistent with several recent reports (42), we found that the alternative pathway was essential for local C3 activation and the subsequent apoptotic cell opsonization by BM-DCs. Furthermore, the use of factor I-deficient mice and serum allowed us to demonstrate that most likely iC3b or its metabolite C3dg were the main C3 split products involved in the regulation of the intracellular trafficking of the apoptotic cargo.
In summary, taken together, our data have revealed a novel C3 function: the regulation of the endocytic processing of an apoptotic cargo. By delaying the phagosome maturation and prolonging the sequestration of the cargo in a compartment that facilitates peptide loading on MHC class II molecules, C3 contributes to enhance MHC restricted (T-cell) immune responses to an antigen derived from apoptotic cells. Therefore, based on these observations, we would like to suggest that another potential mechanism by which C3 deficiency protects from the development of autoimmunity is by reducing the T-cell response to self-antigens displayed on dying cells. , Cfi −/− and Itgam −/− mice used in this study are described in SI Material and Methods. All animals were handled in accordance with institutional guidelines and procedures were approved by the UK Home Office. Proliferation assays, flow cytometry, and confocal microscopy were performed by using standard protocols described in SI Material and Methods. In vitro and in vivo experiments are discussed in SI Material and Methods.
Materials and Methods
Generation of C3
−
